Summary Pressure threshold measurements were made using a set of three Semmes-Weinstein monofilaments on 132 plantar u\cer sites in 72 leprosy patients and 45 plantar u\cer sites in 28 diabetic patients. The most common sites of u\ceration were the great toe and first metatarsal head. No patient could feel monofilaments smaller than 6·\0 (75 g). The next smallest filament, 5·07 (10 g), was identified as the level of protective sensation in leprosy patients who customari1y use fo otwear. Similar results were shown in a small group of diabetic patients.
Plantar fo ot ulcers are well recognized as a major cause of disability in leprosy and diabetes mellitus. Residual neuropathy may result in episodes of ulceration and progressive deformity even when leprosy is cured and diabetes is controlled. Sensory loss and local pressure have been shown to be the cause of plantar ulceration in leprosy and the most common cause in diabetes. 1-5 Reliable clinical methods of measuring sensation are extremely important in the prevention of fo ot ulcers.
The relationship between sensory loss and the risk of plantar ulceration has been studied by several investigators. One study fo und a significant association between the presence of an ulcer and the degree of sensation to pinprick in the fe et ofleprosy patients. 4 Another study using Von Frey aesthesiometers fo und higher pressure thresholds in the fe et of diabetic patients compared to normal controls.6 A fu rther study using vibration perception fo und elevated sensory thresholds were associated with a history of plantar ulceration in diabetic patients.7 There is general agreement among these investigators that impaired sensation may lead to frequent fo ot injuries but the degree of sensory loss required for a patient to be at risk of plantar ulceration has not been determined.
Protective sensation is a well accepted term in recent literature.I,8-IO Despite common use of this term, few investigators have provided a precise definition of protective sensation. Von Prince identified a level of protective sensation in the hand using Semmes-Weinstein monofilaments based on concomitant loss of the ability to fe el heat or pinprick. The World Health Organization (WHO) Expert Committee on Leprosy in 1970 recommended testing for loss of protective sensation by touching the point of a pencil to the patient's skin with enough force to cause dimpling. Blindfolded, the patient must localize the point touched within 2 cm. This method is limited by the inability to standardize the stress applied to the skin by a pencil point. Brand recommended that protective sensation be defined by an individual's actual susceptibility to injury rather than arbitrary criteria. No investigators have established a level ofprotective sensation based on incidence of injury in the fo ot for a group of patients with leprosy.
Pressure threshold assessment is an ideal modality for testing patients at risk of ulceration, since unperceived pressure is the mechanism of injury in the fo ot,3 and nylon monofilaments can be manufactured inexpensively for use by field workers in developing countries. Graded, pressure sensitive filaments have been recommended for objectively evaluating sensory function in leprosy.II-1 3 This method was first described by Von Frey and later Semmes and Weinstein developed a set of 20 nylon monofilaments of standardized lengths and thicknesses. 1 4 These filaments buckle at a reproducible stress and may be identified by the manufacturer's numbers ranging from 1·65 to 6·65 (common logarithm of 10 times the monofilament buckling force in milligrams) or the measured fo rce in grams. We have previously identified the Semmes-Weinstein 4· 17 filament as the mean plantar threshold plus two standard deviations for normals and fo und filaments 4· 17 (l g), 5·07 (lO g) and 6· 10 (75 g) to be a reliable set of test instruments at the 95% confidence interval (study submitted for publication).
Several investigators have compared the sensitivity of vibrometry, Semmes
Weinstein filaments, 256 hz tuning fo rk, two point discrimination, pinprick, and light touch. Vibrometry and Semmes-Weinstein monofilaments were fo und to be the most effective methods ofmeasuring sensory deficits in the hand and fo ot. 15, 16 Threshold tests (vibrometry and Semmes-Weinstein filaments) are more likely to show gradual and progressive change seen in chronic neuropathy and compres sion syndromes as compared to innervation density tests (two-point and moving two-point discrimination). 15, 17 Innervation density tests require greater cortical integration which results in these tests being less sensitive to loss of sensory axons.
Purpose
There is an absence of data to identify a threshold of protective sensation on the plantar surface of the fo ot. Su eh data would enable preventative fo ot pro-grammes to focus on those patients at highest risk offoot u1ceration. The purpose of this study was to determine sensory thresholds for the fe et of patients with a history of plantar u1ceration and identify a leve! of protective sensation fo r the fo ot in leprosy.
Method
Testing was performed on all leprosy and diabetic patients seen by the Physical Therapy Department at the National Hansen's Disease Center with the presence or history of plantar u1ceration during a one-year period, 1984-8 5. Seventy-two leprosy and 28 diabetic male and fe male patients were included in this study. Sites of u1ceration were determined by physical examination, medical records and patient interview. Questionable sites were not included in the study. Semmes Weinstein filaments* 4' 17, 5·07 and 6· 10 were used for pressure threshold measurements. AH filaments were calibrated on an Arbor 107 analytical balance.t The sensory testing technique used was similar to that described by Bell. 18 Patients were tested in a quiet area and filaments were applied in ascending order perpendicular to the skin at an approximate rate of 1 s touch, 1 s hold and 1 s lift. The patient responded yes when a touch was perceived. Testing was performed on the skin along the perimeter of the u1cer site to avoid testing of scar, callous or necrotic tissue. The site ofu1ceration and sensory level perceived was recorded on a fo ot screening fo rmo Additional preselected areas of the fo ot were also tested and recorded on the fo rmo An integer scale was used to code pressure thresholds in order to simplify the recording method ( Table 1) .
Results

LEPROSY PA TIENTS
The mean age of the Hansen's disease patients was 57-4 (± 17'2) years. Pressure thresholds were determined on a total of 132 u1cer areas ( Table 2) . No area received a rating les s than three. Fourteen per cent were rated three, and the remaining 86% were rated fO UL Figure 1 shows the distribution of ulcers by anatomical site in the leprosy patients. The plantar surface ofthe great toe was the most common area of ulceration and the first metatarsal head was the second most common site.
Suppliers
DIABETIC PA TIENTS
The mean age ofthe diabetic subjects was 51·1 (± 11·1) years. Pressure thresholds were determined on 45 ulcer areas ( Table 3) . No area received a rating less than Figure 1 . Plantar ulcer distribution in 1eprosy. three. Nine per cent were rated three, and the remaining 91 % were rated fo ur. The most common area of ulceration was the first metatarsal head (35%) and the second most common site was the great toe (24%).
Discussion
The distribution of plantar ulcer sites in this study was similar to that fo und by Cterctek05 and Sabato. 4 They fo und the most common sites of ulceration to be the first metatarsal head and great toe. In this study the great toe was the most frequently ulcerated area in the leprosy group, and the first metatarsal head was the most common site in the diabetic group. Plantar sensory thresholds were measured in this investigation in a group of patients with known fo ot injuries (ulcerations). Pressure testing instruments used in this study were previously shown to be sensitive and reliable in evaluating chronic neuropathy in the hand and fo ot. The lowest threshold of pressure sensation surrounding an ulcer area was fo und to be the Semmes-Weinstein 6·10 filamento A logical choice for testing protective sensation was the next lowest filament, 5·07. We believe that patients who can perceive this level of pressure sensation are unlikely to sustain major fo ot injuries. A prospective study is planned to investigate further the validity of this definition of protective sensation.
The possibility that sensory loss is a result rather than a cause of ulceration must be considered in this investigation. Ifnerve damage were to occur secondary to ulceration the distribution of sensory loss would be limited to the area of the ulcer. Patients tested in this study had diffuse patterns of sensory loss on the bottom of the fo ot indicative of tibial nerve trunk involvement. This evidence suggested that the sensory loss preceded plantar ulceration.
AH patients in this study were accustomed to wearing fo otwear on a regular basis during walking. Barefoot walking results in hypertrophy of the plantar soft tissues and may alter the threshold of pressure sensation. Patients in countries where barefoot walking is common practice may demonstrate higher normal and protective thresholds when tested with similar instruments.19 Evaluation of our procedures is needed by leprosy control programmes in other countries.
The sample of diabetic ulcers presented is from a small group of patients referred to the centre with severe fo ot problems and may not be representative of diabetic plantar fo ot ulcers in the general population. Further study is needed to determine if a similar protective sensory level is fo und in a large population of diabetic patients.
Conclusions
Within the limitations of this study it is possible to conclude the fo llowing:
1 The lowest pressure threshold of leprosy patients and a small sample of diabetic patients with a history of plantar ulceration was Semmes-Weinstein filament 6· 10. 2 Semmes-Weinstein filament 5·07 was identified as the level of protective sensation in leprosy patients who customarily use fo otwear.
